Abstract-The inspection standard for diagnosis of active malaria for parasites in blood slides through a microscope. Although microscopy has good sensitivity and allows species identification and parasite counts it requires microscopy expertise and involves a labor intensive repetitive task which is time consuming. The main aim of this research is to build an automatic system for identify and classify the parasite plasmodium falciparum based on a digital image scheme. The results of this research show the color features can give higher accuracies based on the architecture of LVQ network with four hidden neurons.
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I. INTRODUCTION
Standard definitive diagnosis of malaria infection is to find parasites in blood slides through a microscope. However, it is a routine and time-consuming task. In addition, recent studies in the field suggest that the level of agreement among clinical experts for diagnosis is quite low [1] . Therefore, it is essential to generate neither the tools nor the general standard algorithm that is able to diagnose.
Automatic detection of malaria parasites have been made by some researchers that the number of malaria parasites in the blood can be calculated based on the acquisition of blood samples were converted into digital images. Detection systems are generally built through several processing stages, namely: image acquisition, image pre-processing, image segmentation, feature extraction and classification.
Selena, et al. [2] , develop an automated system for counting malaria parasites quickly and accurately based image analysis. The image obtained from the acquisition using a video camera 3-CDD. There are four steps being taken to be able to count the number of parasitemia, namely: edge detection, edge linking, clump splitting and parasite detection. Parasites can be identified based on the characteristic properties of the edge of the red blood cells by using Sobel operator and the transformation Hough [3] . This is also done by Diaz et al. [4] , but the system is built using a low pass filter on the preprocessing of the image, and then extracts the image preprocessing results in order to obtain information which the blood cells infected with malaria parasites.
Detection of malaria parasite can be improved when using machine learning strategies [5] . The system is a system built classifiers based on feature of each type of parasite. Features that have been extracted from previous experiments are feature histogram [6] [7] , morphological [8] , texture [9] . The classifier system is used multilayer perceptron neural network (MLP) [5] , support vector machine (SVM) [4] [10], k-nn [3] , and the type of back propagation [3] .
The main objective of this research is to design a computerassisted system for detecting and classifying parasite Plasmodium falciparum in the blood preparations are indicated based digital microscopic images using learning vector quantization neural networks and image segmentation. Analysis of the methods tested is the detection and classification accuracy, the speed of the system is built. For this study, we also consider the developmental cycle of Plasmodium falciparum, i.e. gametocyte, ring, trophozoite and schizonts.
II. MATERIAL AND METHOD
A. Material
In this study, the data samples used were obtained from blood samples of patients on glass microscope slides. Then preparations in the form of a digital image file in Jpg format with 24-bit color depth and size of 256x256 pixels. The number of data is 96 with the number of class 4, according to the type of variation in the condition of Plasmodium falciparum.
B. Method
The proposed method can be seen in Figure 1 . This method consists of: pre-processing of the image based on the following techniques are discussed i.e. the process of image filtering, segmentation, feature extraction and classification. Here's an explanation of the stages of the overall system: 1) Image aqcuisition: this process aims to obtain images of the preparations plasmodium falciparum which will be further processed as an object to be classified.
2) Pre-proccesing: image pre-processing is done to improve the quality of the image obtained by the change of optical to electrical likely caused a decline in the quality of the sensor noise, blur due to camera or a lack of focus because the camera relative movement of the object. Image enhancement techniques used in this study is the bilateral filter. Bilateral filter is an improved method of image quality of nonlinear adaptive. This method is a combination of two filter methods, namely domain filter and range filter [13] . Combined the two enables a more effective improvement to the quality of the image is degraded by noise. Bilateral filter method used two kinds of weighting the pixels in the image, thus resulting in a more accurate calculation than previous methods [12] .
The first weight in the bilateral filter is a method of spatial weights, which calculates the geometric proximity of pixels, while the second weight is the weight that measures the photometric color intensity differences between pixels in the image. Both of these weight calculations will result in effective weight values for proximity into account the distance between pixels and color intensity differences between pixels. Domain low pass filter used in image g(x) to produce the output image is defined as follows.
is a closed geometric measure between the center of neighbors x and the point of the proximityξ, f and g are both factually a multiband image input and output. To maintain a low pass component of the signal, then:
if the shift invariant filter, then the ( )
is simply a different function of vector ξ -x, and k d is constants. The same manner filter range obtained using the following equation.
In this case, the kernel will measure photometric similar between the pixels. Normalization constant in this case is
Spatial distribution of image intensity is not so instrumental to filter the range by himself. The combination of the intensity of the whole image would make a little sense of change, because the distribution of image values far away from the x and otherwise not to affect the final value at x [13] . Additionally, it can be shown that the filter without the filter range domain is just changing the color of an image map. Appropriate solution is to combine domain filter and range, thus strengthening the geometric and photometric aspects. Combination filter range and domain filter can be shown in the following equation:
With normalization:
Combination filter range and domain filter is called the bilateral filter. The image quality has been improved, and then will be separation of objects based on color intensity. This is because the objects which will split the intensity of color tend to have different and each object has a nearly uniform color [6] . In this study, k-mean segmentation method is used to separate objects.
K-mean method is basically to divide the image histogram. The stages are as follows.
-Find the maximum and minimum intensity in the image -From minimum to maximum intensity do the division number N. N determines the number of objects that are expected to exist in the image. -After the distribution, the histogram will be divided into sections called clusters. Then do a search for the image of the whole point, every point will be assigned to the nearest cluster so that the end result of this process is the number of colors in the image into N. -Then look for the results rata-rata/mean whole point in each cluster, -Then change the color of all the points in the clusters is the average of each cluster.
3) Feature extraction: to obtain the specific characteristics of each image acquired malaria parasite preparations and give each pattern in the image. To extract the characteristics of each image can be used characterize the color histogram 4) Classification: in this study, the classification method used is a neural network learning vector quantization (LVQ). LVQ is a method to conduct the training competitive layers are supervised learning [14] - [16] . LVQ consists of two layers, namely layers competitive and linear layers as shown in Figure 2 . The first layer is a competitive layer classifies the input with a competitive manner. The second layer is linear layer transforms the sub-classes to be output first tier classes that have been defined previously the target. Each subclass is represented by a single neuron in the output layer are competitive and each class is represented by a linear neuron in the output layer. Output neurons in the competitive layer is usually referred to as the hidden neurons and linear neurons in the output layer is referred to as the output neuron. Subclass the competitive layer is the layer that competition results in the classroom while the linear layer is defined by the user class. Processing that occurs at each neuron is finding the shortest distance between an input vector to the corresponding weight. In this case w is the weight vector connecting each neuron in the input layer to the hidden neurons in the output layer. Activation function in the output layer will map the weight vector of the linear layer to the output layer.
From Figure 2 it can be seen in the competitive layer neuron is connected to every input neuron to the hidden certain weight (w). Whereas in each hidden layer neuron is connected linearly with the output neurons with a certain weight (v). The output of the plasmodium falciparum gametocyte be categorized in class 1, the plasmodium falciparum ring will be categorized in class 2, the plasmodium falciparum schizonts will be categorized in classes 3 and the plasmodium falciparum trophozoite be categorized in class 4. The test results will be used to determine the type of parasite detection.
Here are given training algorithm LVQ network if the data is given by m n input variables. 
., K. J is the class for Xi
The parameters used in the LVQ neural network in this study: the rate of initial training α = 0.01; decrease in the rate of training Dec. α = 0.1; minimum training rate Min α = 10 -6 ; maximum epoch = 5000;, and Hidden neurons = 4. The terms used to stop training are the convergence of the weight vector value to a fixed value.
III. RESULT
The resulting digital image of the acquisition process in this study still have lighting effects, focusing on the optical lens and the camera, and the effect of noise so the recovery should be done by using the bilateral filter. In the screening process, first color space is converted to the CIELAB color space. This is done because the results of image filtering in CIELAB color space using the bilateral filter will produce natural colors images [13] .
The results of this filtering will be reduce the noise on the image so that the image of the color components red, blue and green for all images undergo significant changes. The best results from the use of domain filter parameter equal to 3 pixels together with the results of experiments carried out [6] , [12] and [13] which uses the same values to calculate the weight of proximity pixels geometrically, while the weight of the photometric measures the difference between the color intensity pixel in the image is what changed the value to get the best results. Three dimensional visualization of the image before and after filtered using a bilateral filter can be seen in Figure 3 .
After the restoration of the image of the sample preparation, the next step is to separate the parts of blood parasites on image segmentation using k-mean. In this study, the segmentation process performed prior image color space conversion from RGB color space to CIELAB color. Grouping colors in CIELAB color space is obtained by using the Euclidean distance formula of elements of L *, a *, and b *, and thus will get the average color values corresponding closest distance of each color. K values used in the simulation are k = 3, 4, 5, 6, and 7. Segmentation results for sample preparation for each of plasmodium falciparum can be seen in Figure 4 . Separation of objects for plasmodium falciparum gametocyte and schizonts of red blood cells can be done either when the value of k = 3. Separation can be done well because of the morphological form of the two types of plasmodium is very clear where plasmodium falciparum gametocyte shaped like a banana and plasmodium falciparum schizonts shaped blobs. For a sample image of plasmodium falciparum ring, separation of objects with red blood cells can be done with the best value of k = 3 because of the morphological shape flaciparum plasmodium is shaped like a ring that is sometimes very thin. In the experiments that have been done by adding the value of k in the sample group, the object will come with reduced color other objects so that the object will be damaged or lost when given a value of k greater than 3 [4] [5] . As with the plasmodium falciparum trophozoite, to separate the object from the red blood cells required divider value different k is 3, 5 and 7.
The output of the segmentation is then taken as the peak color component characteristic vector input pattern classification plasmodium falciparum. An image of the object has a specific color. To state the color characteristics of the image of the object to note how the behavior of the distribution of the color itself. Granted many image objects have the same basic color but the color distribution in it have turned out differently [4] . Distribution can be obtained using the color histogram of colors. In this study, the peak value of the feature of color histogram is used as input to the classification system. Results of the peak value of the RGB color components can be seen in Table 1 . After the feature extraction process of the sample image, the next step is to use the maximum color component feature of as input vector pattern classification parasites using LVQ neural network.
LVQ is designed to classify four types of plasmodium falciparum parasite image so that the network will have four target encoding pattern with the number of data samples of 96 copies. Prior to conducting experiments training and testing system, initial weights are determined in advance. Initial weights are determined from the average value across the data for each of the color feature shown in Table 2 . Experiment is to observe the performance of the network by varying the rate of training. LVQ will be tested with the training given the rate of α of 0.01; 0.02; 0.03; 0.04; 0.05, and 0.1. Table 3 showed that the accuracy of training data and test data for all the same training the rate of, i.e. 100% of the trained image data 96 and 91.67% of the 48 new data were tested on this network. Reaching network to converge at epoch 66 with MSE values approaching fault tolerance value that is equal to 1,045 × 10-6 ( Figure 5 ). This suggests that the rate of addition of training on LVQ network with input feature do not affect the color of the center point of the neurons, so that the training data is not moved to another class [6] . So the network has a steady state for input color feature. 
I. CONCLUSION
The analytical results of the tests performed on the system identification of plasmodium falciparum is known that the use of bilateral filter, segmentation using k-mean clustering method and LVQ neural network with feature color as vectors enter it was able to identify the types of parasite plasmodium falciparum well. Performance is 9.55e-006 Goal is 1e-006
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